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Pulsed  Laser  Vulnerability  Test  System 

(PLVTS) 


*  Original  Performance 

•  800  joules/pulse 

•  10  Hz 

•  SOiis'ec  pulses 

•  Modified  Performance 

-  1998 

•  400  joules/pulse 

•  28  Hz 

•  1 8, tisec  pulses 

-  1999 

•  150  joules/pulse 
r  30  Hz 

•  Sicsec  pulses 
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Optical  Bench  Set  Up  At  500' 

Ft  Mark 
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Optical  Power  vs  Time: 
a)  2.5/ s;  b)  5/:  s;  c)  18  :is;  d)  35/j  s 
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r'iokl  l  est  Telescope  (T'TT) 

•  50  cni 

•  CasSegrainian 

•  Dy n a m ic  Focu sing 
•Mini mum  Acquisition 
Distance  is  200  m 


Laser  Beam  Handoft  to  This 
Telescope  Should  Allow 
Altitudes  of  ~300  m  (1,000  ft) 
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Laboratory  Telescope  Burn 
Patterns 


At~10  Ft 

^  5  cm  Ref.  ^  500  Ft 
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FTT  Beam  Burn  Patterns 


1 ,000  Ft 


11  cm  Ref.  }  500  Ft 
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VCJ  all  Energy  Conversion  i«  Laser  Propulsion  Mission 

ri  =  propulsion  efficiency  Oct  kinetic  energy  to  vehicle  kinetic  energy) 
a  =  expansion  efficiency  (internal  propellant  energy  to  jet  kinetic  energy) 

P  =  absorption  efficiency  (laser  energy  at  vehicle  to  internal  propellant  energy) 
y  =  transmission  efficiency  (laser  energy  at  ground  to  laser  energy  at  vehicle) 

8  =  laser  efficiency  (electric  energy  to  laser  energy  at  ground) 


'ii'h-k'k'h 


Issue:  separability  oft]  a  0  y 


>Is  sft  >!: 


At  "Kf)  I n/it-wr  r  eenn  .  "  electricity  to  put  1  kg  into  LEO.”  . 

At  10.10/KWH,  J500  buy,  I8,000MJ  (I  KWH  =  XS  M.I):  I  kg  at  10  k,„/s  -  I!,, 

Plupps,  X^cilly,  CaiiipbcIJ,Lo:ycr  tii  Panicle neams  IS  t^onn  rr\  /-tve 
rn  ri,  M.„,Kr,  NebaWaa,  AUA  yt,o™7a 


50  MJ,  so  iiaPyS  >  0.0028 
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■Laser  Lightcraft  Fljghls  w  Kh  Ar 
200^/4.  M  =  0.04  kg,  10  kW  at  25  Hz,  400  J/pulse 


Definitions  and  Energy  Conservation 


Pf 

/cl(pvc2) 

Propelfant  Kinetic  Energy;  Ep  =  V2mp<v/>  =  a(3  Et  <v^> = ^ _ 

Pf 

Jdp 

Pc 


Jd(pve) 


Propellant  Impulse: 

I  =  mp<Ve> 

<>>-  “pf 

jdp 

Pc 

Coupling  Coefficient: 

C=-i 

El 

2aP'  r <Ve>2  ■ 
<Vc>L<Vc2>. 

_  2aP<[> 

<Ve> 

Energy  Conservation; 

1  • 
!ap<D=^ 
^mpE^ 

2mp  2  2El  ~ 

Propellant  Elf ernal  Energy:  Q*  =u  - 

uc-uo 


Propellant  \vitli  added  chemical  energy,  Au:  («|3<D)appare„t  =  aO’(  p  +  nipAu/Et) 


Coupling  coefficient  (Ns/MJ) 


The  Constant  Specijfic  Impulse  Mission 

"J  dm  -1  '' 

J— =  — Jdv 


ITIo 
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MCt  Vo 


'V-Vq^ 


-Av 


Vjct 


Vjet 


The  Constant  Momentum  Mission 
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nio 


m. 


Vo 


f’  =  i?L  -  Vo  _  1  Av  _  f .  ,  Av  V I 

mo  V  V  -  V, 
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{x0.5(deltaV)2) 


Figures  of  Merit  for  Laser  Propulsion:  m/Ejet 

The  Constant  Specific  Jni pulse  Mission 


Ejet  =  -  2’  J  Yio?  dni  =  '  (iTlo  -  m)  Vje? 
nio  * 


m  _  2x^  ^  2f(lnf).^ 

^(m,- m)  Vj2  (ex-  I)[Avf  "  (l -  t)[Av]2 


P  »  — 

^jet  - 


The  Constant  Momentum  Mission 

r  =  -niv^-~m  =  tmvAv 


^  ni  1 

/v2dm  =  -^(m„Vo)-  /  ^ 


nio  2 


1  0  0.  2 


B  = 


m  ^2(l-f') 
.|mvAv  [Av]2 
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MISSION  TIME  FOR  CONSTANT  SPKCIFIC  IMPULSE  AND  CONSTANT  MOMENTUM  MISSIONS 


p.  =:  t  V  2  ^  Fv 


Coiistaiil  Specific  Impulse 

f=  = 

nio  nioV:,.? 


Av  =  -v.  h/l— pjct(lnf)^. . ,/BPiot 


t  =  JJ2^(Av)2(Li) 
2Pjc,-  ^  (Infr 


2P, 


jet 


nio 


l_B^t 

nio  ■ 


Constant  Momentum 


Pj..  =  |v2^=iFv 


dt 


f  =  -5L  rr 

m« 


nioV,? 


-1 


t'=^(A'v)2-^ 


.cl 


2P 


jet 


(l-f) 


A'v  =  --^t-  ^  |I 

m«Vo  V  mo  f  Vb’  too 
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LO 


Conclusions  . 

When  Piascr/in.)  ~  0.05  MW/kg  small  payloads  (2  to  4  kg)  may  be  launched  into  low  earth  orbit, 
Av~  10,000  in/s. 

At  the  same  mass  Iraction,  f  =  0.2,  m/Ejet  for  constant  momentum  mission  is  23%  greater  than 
lor  constant  specific  impulse  mission. 

For  Av  - 10,000  m/s,  nio/Pjct  =  20  kg/MW,  f  =  0.2,  v„  =  0,  the  mission  time  for  constant  specific 
impulse  propulsion  is  ~  315  sec. 

For  Av  =  10,000  m/s,  nio/Pjet  =  20  kg/MW,  f  =  0.2,  v„  =  2000  ni/s,  the  mission  time  for  constant 
momentum  propulsion  is  ~  155  sec. 

At  the  same  m/Ejet  =  0.013  kg/MJ  and  Av,  {(constant  momentum)  =  0.35,  and  ficonstant 
specific  impulse)  =  0.20. 

Based  on  measured  I,  El,  and  ablated  mass,  overall  energy  conversion  efficiencies  (laser 

energy  to  jet  kinetic  energy)  of  dp  -  50%  were  obtained  with  Delrin  pfopellant  in  the  laser 
hghtcraft. 


Jet  exit  velocities  of -  2000  m/s  with  Delrin  (based  on  measured  mass)  and  -3000  m/s  with  air 
(based  on  estimated  mass). 
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Coupling  Coefficient  (N-s/MJ) 


'fnbli'  1-.  Nonnalized  absorplioti  vbJjiiiic  for  air  at  1.18  kg/ni^  as  a 
fu/ictioji  ofinlernal  energy  and  laser  energy. 


Figure  L  Cms-sectional  vk)v  of  Myrabo  User  U^fUcraft^  Model  200-3/4, 


The  mtiximivn  diameter  of  the  test  article  at  the  shroud  is  ~  10  cm.  The 
imUcated  r///g  of  Delrin  weighs  ~  10  g  and  has  a  volume  of-  7  an^  and 
a  surface  area  ~  25  an\  The  idealized  plug  nozzle  exit  area  is  -  350  cm\ 
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E,aser(J) 


Pi  sure  2a.  Propu  Isi  on  ejjfid  encies  for  missions  wi  th  zero  initial  Velocity.  1 
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Thermodynamic  properties  of  Mach  5  air  at  stagnation  density, 
p  =  5.90kg/m^. 
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MJ/kg  lO^K.  bar  MJ/kg  KJ/kg  K  «J/kg  K  kg/kino!  km/s 
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Figure  10,  Comparison  ofEqtiiUbrwm  expansion  and  frozen  expansion  of  air.  The  circles  and  nearby  crosses  represent  the  blowdoym  quantities 
obtained from  ihilial  [u^u*]*  states  of2E3,  atjd  1E4  Mg  for  the  frozen  expansion  and  2E3,  6E3, 1E4,  and  4E4  kMgfor  the  ejinilihrium  expansion. 
The  results  of  the  tivo  frozen  blowdmm  iniegTi^ttions  to  P^at  “  1  bar  are  plotted  mth  those  of  the  equilibrium  blowdown  to  show  that  the  differences  in 
alpha  are  stnalh  Le.,  at  low  energy  (2E3)  0.30  mid  0.29  and  at  high  energy  (1E4)  0.32  and  0,27 for  equilibrium  and  frozen  blowdowitj  respectivdy. 
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Figure  11.  Comparison  of  Equilibrium  ej^pansion  from  laser  heated  STP' air  (1.18  kg/m^)  and  Mach  5  air  at  stagnation  density  (5.9  kg/m^).  In  the 
STP  air  diagram  (on  left),  the  circles  and  nearby  crosses  represent  the  bio  ^^^own  qtiahiiUes  obtained from  initial  [u^u^f*  states  of  2E3,  and  1E4  Mg 
for  the  frozen  expansion  and  2E3,  6E3,  lEd,  and  4E4  kMg  for  the  equiUMum  expansion. 
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